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ABSTRACT OF THE THESIS

ERP and Theta Activity Associated with Facial Emotion Memory
by
Shaina Roxanne Herman
Doctor of Philosophy, Graduate Program in Psychology
Loma Linda University, September 2017
Dr. Colleen A. Brenner, Chairperson

Facial emotion recognition is an important component of daily functioning and is
highly connected to the social element of human interaction. At present, it is not clear
whether initial stimulus encoding or memory maintenance of the face promotes accurate
facial emotion memory. The purpose of this study was to explore the mechanisms of
facial affect memory. Specifically, we aimed to compare whether type of emotion, length
of delay interval, or robustness of encoding the initial stimulus were associated with
accurate facial emotion recognition and memory. A task of explicit emotion memory was
given to 30 participants. A visual stimulus of a face expressing one of 6 emotions (Very
Happy, Happy, Neutral, Sad, Fear, Anger) was presented for 200ms. After a delay of
either 500ms, 1000ms, or 2000ms participants were presented with another facial
stimulus (with a different identity than the first stimulus) displaying either a matched or
mismatched emotional expression. Participants indicated whether or not the second
emotion matched the first by pressing a button with their dominant hand.
Electroencephalography (EEG) was recorded from 32 channels during the entire task. A
repeated measures ANOVA was used to determine if there were significant withinsubject differences in event-related potential (ERP) amplitudes based on Facial Emotion,
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Delay Condition, and Time Interval. Finally, regression analyses were used to test
whether the relationship between ERP amplitude and Theta Power predict behavioral
performance. P1 amplitudes at occipital electrode sites and N170 amplitudes at parietal
sites differed by emotional expression. Increased P1 at occipital sites was the best
predictor of correct matching of positive emotions whereas N170 amplitudes at parietal
sites predicted correct identification of negative emotions. Correct matching of faces
expressing Fear was predicted by ERPs and Theta Power more than any other emotion.
Theta Power was greatest in shorter delay intervals and declined throughout all delay
intervals, but was not associated with behavioral performance. Emotions influence how
well stimuli are perceived and encoded. Increased robustness of encoding of emotional
visual stimuli predicts correct identification of emotions more than emotion maintenance
during the delay.
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CHAPTER ONE
BACKGROUND AND SIGNIFICANCE
Facial emotion recognition is a vital part of daily human interaction. Emotions
expressed by others are used to inform thoughts, attitudes and actions. This learned
behavior is highly connected to the social element of human interaction (Adolphs, 2003).
Like many animals, humans communicate through a variety of means, including visual
messages. Gestures provide information about situations, events, ideas, and objects.
Facial emotion expression provides additional information about the internal experience
of the individual and helps regulate how we behave in response to the social
environment. Deficits in facial emotion memory make it difficult for individuals to
behave in accordance with appropriate social norms as seen in individuals with
schizophrenia (Csukly, Stefanics, Komlósi, Czigler, & Czobor, 2014; Herrmann, Ehlis,
Ellgring, & Fallgatter, 2005; D.-W. Kim, Shim, Song, Im, & Lee, 2015; Morrison,
Bellack, & Mueser, 1988; Streit, Wölwer, Brinkmeyer, Ihl, & Gaebel, 2001). Research
has found that there are structures within the brain, such as the fusiform gyrus and
superior temporal gyrus and sulcus that are involved in processing facial expressions
(Adolphs, 2003; George et al., 1999; Eric Halgren et al., 1999; James V. Haxby,
Hoffman, & Gobbini, 2000; James V Haxby et al., 1996; Kanwisher, McDermott, &
Chun, 1997; J. J. Kim et al., 1999; Sams, Hietanen, Hari, Ilmoniemi, & Lounasmaa,
1997). While these structures are important for identification of faces, facial emotion
processing relies on a complex neural network that extends beyond the process of basic
structural encoding. It is unclear whether facial emotion memory deficits, such as those
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seen in patients with schizophrenia, are associated with face structure encoding, shortterm emotion memory maintenance, or both.
Facial emotion recognition is so important to human social development and
evolution that learning to mirror facial emotion is seen in infancy. Babies spend more
time looking at images of faces when the emotion is changed and even mimic the
expressions of others (Field, Woodson, Greenberg, & Cohen, 1982). Throughout the
lifespan, individual emotional development progresses through stages. In childhood,
emotions are perceived as external and physical events that can be controlled through the
help of others. In later stages of development, emotions are understood as objective and
subjective experiences that are “controlled” by uniting feelings with logical thinking
(Labouvie-Vief, DeVoe, & Bulka, 1989). Such emotional development compliments the
development of social skills and behaviors that influence how the individual interacts
with their social environment (Morton et al., 2000).
Although there are many ways of studying face emotion recognition,
understanding how facial affect is processed requires the ability to accurately measure
changes that occur extremely quickly. Facial expressions change within milliseconds;
thus, in order to accurately perceive and interpret another’s emotional experiences the
brain must be able to detect differences as they occur within millionths of a second. In
fact, Edwards (1998) found that correct identification of time-lapsed photos of an
emotional expression improved when there was less time to complete the task. In this
study participants were asked to arrange segmented clips of an emotion from onset to
offset (neutral facial expression through emotional response to a return to neutral). The
images were taken from a video that captured the entire expression of one emotion
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segmented into recognizably different phases. Participants were able to complete the task
more accurately when given 38 seconds as opposed to 3 minutes. This suggests that
subtle changes in facial emotion expression are detected automatically rather than
requiring lengthy application of conscious thought. What is not clearly understood is
what happens when these subtle cues are detected and how they are maintained to
accurately remember and identify facial emotion expressions. The general hypothesis of
visual facial emotion processing indicates that first the facial expression is perceived and
encoded, and while the emotion expression is being maintained the significance of the
expression and its interpretation in relation to the environment are processed (Bruce &
Young, 1986; E Halgren, Baudena, Heit, Clarke, & Marinkovic, 1994). Yet, whether it is
the initial stimulus encoding or memory maintenance of the face (or both) that promotes
accurate facial emotion memory is not clearly understood.

Face Recognition
Interest in facial recognition began as a response to prosopagnosia, a condition in
which patients are unable to recognize faces of relatives after sustaining brain injuries.
Such patients were able to recognize and name objects and their features as well as
familiar sounds and even the voices of relatives, but specific deficits were seen in
visually recognizing faces. As Meadows (1974) points out, a unique feature of
prosopagnosia is that deficits are associated more closely with memory than recognition
of facial features since patients with this disorder are able to match and discriminate
faces, but cannot identify familiar faces. In attempting to understand prosopagnosia,
research has identified specific areas in the brain that are responsible for face recognition.
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Early studies of prosopagnosic patients identified visual field deficits in the upper left
quadrant suggesting damage to the posterior right cerebral hemisphere (Hecaen et al.,
1962; Meadows, 1974). More recent studies have specified that prosopagnosia is
associated with damage to the right occipitotemporal cortex (Benton, 1980; Meadows,
1974). Research of prosopagnosia has not only provided answers about the disorder itself,
it has also provided details about which neuroanatomical features are involved in facial
encoding, and has highlighted the effects that memory has on face recognition.
Face processing involves various steps or phases of brain activity that may
provide a basis for understanding how facial emotion memory occurs. According to
Bruce & Young (1986), face processing begins with perceiving the visual stimulus and
encoding the structural code of a face. Next, recognition of the face stimulates the
retrieval of specific semantic representations of identity. Finally, a name or identification
of the individual is recalled. Similarly, Halgren et al. (1994) proposed that visual stimulus
processing (of words and faces) starts with encoding of sensory information and then the
information is integrated using cognitive mechanisms. Facial emotion memory likely
follows similar steps as described by Graham & LaBar (2012). First, the movement of
facial features must be visually perceived and encoded. Next, emotion recognition units
are stimulated which leads to the identity of specific semantic and emotional
representations of the expression (Graham & LaBar, 2012). Finally, an interpretation of
the emotional expression is recalled associated with activity in the amygdala
(Vuilleumier, Richardson, Armony, Driver, & Dolan, 2004). This model implicitly
underlies the nature of most research investigating face processing, as inferred from the
methodological design of studies investigating facial emotion processing and memory.
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These studies involve visual presentation of facial stimuli, recording of neural activity
(fMRI, PET, MEG, or EEG), and a behavioral task that tests the participants’ accuracy
for identifying emotions (L.I. Aftanas, Varlamov, Reva, & Pavlov, 2003; Brenner,
Rumak, & Burns, 2016; Brenner, Rumak, Burns, & Kieffaber, 2014; Knyazev,
Slobodskoj-Plusnin, & Bocharov, 2009; Krolak-Salmon, Fischer, Vighetto, & Mauguiere,
2001; Sato, Kochiyama, Yoshikawa, & Matsumura, 2001). The individual components of
this process (encoding, maintenance, and memory recall of emotions) have not been
independently evaluated within the same study to determine their contributions to facial
emotion processing and memory.

Neuroanatomy of Face Processing
Following findings of prosopagnosia research, further investigation has identified
neuroanatomical areas associated with face processing in humans. Studies have found
that rhesus and macaque monkeys respond to faces (of humans and other monkeys)
differently than other visual stimuli (Pascalis & Bachevalier, 1998; Perrett, Rolls, &
Caan, 1982; Rolls, 1984). A single-cell recording study by Perrett et al. (1985) examined
the activity of neurons in the brains of macaque monkeys in response to stimuli of human
and monkey faces. The cells recorded in this study exhibited increased activity to faces
rather than other stimuli, with fewer cells responding to pictures of faces compared to
real faces and selective cells responding differently in response to familiar faces.
Additional findings indicated that these cells were also sensitive to head orientation and
eye gaze with decreased activation as the head and eyes rotated away from either fullface or profile views and direct gaze. Not only did this study provide detailed information
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about face processing within the macaque brain, it also demonstrated that cells within
neural structures have significantly different functions for processing visual stimuli
(Perrett, Smith, & Potter, 1985).
In human subjects, additional methods for identifying the structures involved in
face-processing and distinguishing their specificity for human faces include observing
cerebral blood flow using functional magnetic resonance imaging (fMRI) and molecular
activity using positron emission tomography (PET) scans, or magneto-encephalography
(MEG). The area of the brain that has been consistently associated with visual facespecific activity using these methods is located in the inferior occipitotemporal cortex,
specifically in the fusiform gyrus (George et al., 1999; Eric Halgren et al., 1999; James
V. Haxby et al., 2000; James V Haxby et al., 1996; Kanwisher et al., 1997; J. J. Kim et
al., 1999; A Puce, Allison, Bentin, Gore, & McCarthy, 1998; Sams et al., 1997). This
area of the brain shows greater activity in response to visual stimuli of faces than to other
visual stimuli including: words, buildings, and other objects (Allison et al., 1994; Bentin,
Allison, Puce, Perez, & McCarthy, 1996; Eric Halgren et al., 1999; J V Haxby et al.,
2001; Kanwisher et al., 1997; McCarthy, Puce, Gore, & Allison, 1997; Aina Puce,
Allison, Asgari, Gore, & McCarthy, 1996; Sams et al., 1997; Sergent, Ohta, &
MacDonald, 1992); familiar faces (Bentin et al., 1996; Kanwisher et al., 1997;
Linkenkaer-Hansen et al., 1998); blurred or otherwise distorted images of faces (Bentin et
al., 1996; George, Evans, Fiori, Davidoff, & Renault, 1996; Kanwisher et al., 1997;
Linkenkaer-Hansen et al., 1998); and separated components of the face or other body
parts (Bentin et al., 1996; Kanwisher et al., 1997).
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A series of neuroimaging (fMRI) studies by Kanwisher and colleagues (1997)
provides a step-down demonstration of the right fusiform gyrus’s (or fusiform face
area’s) specificity to faces. Throughout this series of tests, activity in the fusiform face
area distinguished responses to faces from responses to various other visual stimuli and
from activity related to other neurological processes. For the first part of the series,
Kanwisher and colleagues presented subjects with images of faces and objects and found
that faces were associated with consistent activation of the right fusiform gyrus for all
participants whereas other objects were associated with activation of bilateral and more
medial (parahippocampal) areas. The next part of the series tested two hypotheses:
whether the low-level features of a face (scrambled image of a face that is
unrecognizable) are also processed by the fusiform face area, and whether activity in this
area is used to process visual stimuli of “exemplars” of a category (front-views of faces
were compared to front-views of houses). Activity in the right fusiform gyrus was
significantly stronger to face stimuli than front-views of houses and scrambled images of
faces, suggesting that this area is not where low-level features nor category exemplars
(unrelated to faces) are processed. The final part of the series investigated whether
activation of the fusiform face area was generalized to different view-points of faces
(three-quarter view of face), if this area responded to the face itself or external features of
the head (hair and neck were not included in the images), if other human body parts
stimulated activity in this area (face stimuli were compared to images of human hands),
and if activity in this area was the result of general attentional mechanisms (through a 1back memory task). Again, results supported the hypothesis that activity in the right
fusiform gyrus was specific to faces, including different view-points of faces, rather than
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the external features of the head and other human body parts and that it was not
associated with general attentional mechanisms (Kanwisher et al., 1997).
Findings from Bernstein et al. (2014) confirm that the fusiform face area is
involved specifically in the processing of faces. In this study, fMRI data was used to
compare neural activity in response to pairs of faces and bodies positioned one above the
other. Their findings suggest that the fusiform face area recognizes faces associated with
a complete person and is not specific to processing faces detached from the human body,
an indication that two individuals are being represented (Bernstein, Oron, Sadeh, &
Yovel, 2014). More precisely, it appears that structural and static facial characteristics
that provide information about personal identity are processed in the fusiform face area
(Adolphs, 2003). Facial expressions that involve movement of facial structures are
processed in different areas of the brain including the superior temporal gyrus and sulcus
(Eimer & McCarthy, 1999; James V. Haxby et al., 2000). As Graham (2012) discussed in
his review of hypothesized models for face processing, it is likely that eye gaze and
emotion expression are processed in a complex, interactive system that includes the
superior temporal sulcus (Engell & Haxby, 2007; James V. Haxby et al., 2000; James V.
Haxby, Hoffman, & Gobbini, 2002; Pourtois et al., 2004), the intraparietal sulcus
(George, Driver, & Dolan, 2001; A Puce et al., 1998), and the amygdala and limbic
structures (Hoffman, Gothard, Schmid, & Logothetis, 2007; Straube, Langohr, Schmidt,
Mentzel, & Miltner, 2010). Regarding the procedure for face processing, Streit et al
(1999) found that neuroanatomical structures are activated in the following order: right
superior temporal cortex (at about 140-170ms after stimulus onset), middle right temporal
cortex (with a first activation at 180-210ms and a second at 210-240ms), right amygdala,
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posterior right superior temporal cortex, left inferior frontal cortex, and a final
reactivation of the temporal and left inferior frontal structures. The specific contributions
of each of these neuroanatomical regions and how they interact to process early
expression, and later memory of that expression, are yet to be supported through research.

Time Sequence of Face Processing
Understanding how faces are processed also requires an understanding of the
order of operations involved. Brain processes occur quicker than can be observed by
conscious attention and must be evaluated through methods that can make precise
measurements at very small time intervals. Electroencephalography (EEG) is a method
used to measure electrical signals in the brain and accurately measures changes on a
millisecond timescale. This method allows measurements of subconscious neural
processes while an individual observes and processes visual images.
Electroencephalography that involves depth electrodes, or devices that measure electrical
signals when placed directly onto neural structures, has been used to support findings that
the fusiform gyrus is a face-specific neural structure (Allison et al., 1994; Seeck et al.,
1993). Yet, depth recordings can only be taken when medically necessary, such as
epilepsy patients undergoing surgery. Studies that use non-invasive EEG measurements
have found that visual processing of faces yields a consistent pattern of neural activity. A
measurement of brain activity from the time a stimulus is presented (stimulus onset) until
the brain activity returns to baseline is considered an event-related potential (ERP). ERPs
reflect synchronous firing of large populations of neurons and, when averaged across
multiple trials, are represented as positive and negative deflections at specific time points
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after the stimulus onset (Sur & Sinha, 2009). Non-invasive EEG cannot provide detailed
information about the neural generators of neural activity, but it does provide information
about the strength of the neural response (represented by the amplitude of the deflection)
and the latency of the neural response, on a millisecond time scale.

ERP Components Related to Face Processing
The P1 ERP is associated with early attention processing and has been found to
have a unique association with face processing. The positive peak appears between 80
and 130ms after a visual stimulus is presented. Originally, this peak was called P100 for
the positive peak with an average latency at 100ms post stimulus onset. It is more
accurately distinguished as P1 to indicate the first obvious positive peak after stimulus
onset with a latency that differs with the type of stimulus presented. This component
represents attention-based early visual processing (Heinze et al., 1994; Mangun, 1995; B
Rossion et al., 1999). P1 amplitudes have been found to be greater for attended compared
to unattended stimuli which suggests that this component marks activity related to
selective attention or directing one’s attention to a particular stimulus (Clark & Hillyard,
1996). The P1 component is also associated with spatial attention, such that its amplitude
is larger in response to visual stimuli presented in spatial locations that are attended to
(Mangun, 1995; McCarthy & Nobre, 1993; Salillas, El Yagoubi, & Semenza, 2008). A
study by Eimer, Holmes, and McGlone (2003) found that the P1 also represents transient
attention or attending to a stimulus that draws attention for a short time.
Studies have also found that the P1 component demonstrates unique responses to
face processing. Hermann et al. (2005) found that the P1 amplitude is larger in response
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to visual stimuli of faces compared to other objects such as buildings, yet, no significant
differences in P1 amplitude or latency were found between face and scrambled face
stimuli. Developmental studies of the P1 component (in response to visual stimuli)
throughout childhood and adolescence indicate that the location of the P1 response
changes and that it’s latency and amplitude decrease with age, yet Kuefner et. al. (2009)
found that these changes are not specific to faces. Although the P1 component does not
necessarily indicate that a visual stimulus of a face is being processed, it provides helpful
information about the attentional resources dedicated to a visual stimulus, including that
of a face. In fact, the P1 response appears to be greatest to low-level features that are
critical for face processing such as contrast, brightness, color, and frequency (E. Halgren,
2000; Jemel et al., 2003; Rousselet et al., 2005; Tanskanen, Näsänen, Montez,
Päällysaho, & Hari, 2005). Recognizing the apparent conflict in literature regarding the
relationship between P1 and face processing, Rossion and Caharel (2011) measured ERP
responses to images of faces and cars and scrambled images of faces and cars that
maintained the same low-level characteristics. Results indicated that the P1 amplitude
and latency were larger to face and scrambled face stimuli than to those of cars. In other
words, the P1 amplitude and latency were not specific to faces, since the response was no
different for images of faces that were indistinguishably scrambled (with low-level
features maintained).
The event-related potential component that has been identified as a specific
response to faces is the N170 peak. This negative peak approximately 170ms after
stimulus onset has been consistently found to be associated with face processing and
activity in the fusiform gyrus (Allison et al., 1994; Bentin et al., 1996; Eimer &
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McCarthy, 1999; Herrmann et al., 2005; Linkenkaer-Hansen et al., 1998; Seeck et al.,
1993). The N170 response to human faces is unique in that it is differentiated from
responses to other objects (Bentin et al., 1996; Herrmann et al., 2005), scrambled faces
(George et al., 1996; Herrmann et al., 2005), inverted faces (Bentin et al., 1996;
Linkenkaer-Hansen et al., 1998), face components (Bentin et al., 1996), pointillized faces
(Linkenkaer-Hansen et al., 1998), and unfamiliar faces (Seeck et al., 1993).
Although the N170 response is specific to intact faces which elicit large
amplitudes, it does have a smaller response to other stimuli. Bentin et al. (1996)
compared N170 for faces to N170 of other stimuli through a series of tests. First, the
N170 response to faces was compared to the response to scrambled images of faces that
were of equal luminance. Although the N170 component existed for both stimuli, the
amplitude of N170 to faces was larger indicating that, unlike P1, N170 does not represent
attention to low-level visual features. Next, Bentin et al. found that the N170 response to
faces compared to images of animal faces, human hands, and furniture had a larger
amplitude suggesting that the N170 component is strongest for faces. Another experiment
compared images of faces, cars, and butterflies to inverted versions of the images and
found that the N170 response to cars, butterflies, and their inverted versions were smaller
than the responses to faces and inverted faces. They also found that the response to faces
and inverted faces was similar, indicating that the N170 response to faces is not
dependent on the position of the face. In the next experiment ERPs to butterflies, human
faces, eyes, lips, and noses were compared. The N170 to faces was similar to those seen
in the previous experiments. Of note, the N170 for eyes was later and larger than that to
faces. The responses to human lips and noses were later and smaller than the N170s in
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response to faces and eyes. These findings suggest that the N170 component may be
specific to eyes as indicators that a face is present. Finally, stimuli of distorted faces with
components of the inner face dislocated were compared to stimuli of isolated eyes, lips,
and noses to examine the importance of eye location. N170 were larger for distorted faces
and eyes than those for lips and noses. A slightly, yet not significantly, larger N170 was
observed for eyes than for distorted faces possibly indicating that the spatial integrity of
facial components did not greatly influence N170 amplitude or latency. In all of these
studies, the N170 was either trending toward significance or significantly larger on the
right hemisphere over the posterior lateral scalp, a region proximal to the right fusiform
gyrus or fusiform face area (Bentin et al., 1996).

Facial Emotion Processing
As noted above, facial emotion processing involves perception and encoding,
identity of semantic and emotional representations, and an interpretation of the expressed
emotion. The P1 component of ERPs to visual stimuli is a relative measure of
neurological resources attending to a visual presentation of a face. A higher P1 amplitude
suggests better perception and encoding of low-level features of the visual stimulus (E.
Halgren, 2000). The P1 appears to have higher amplitudes for faces than for other visual
stimuli suggesting that the low-level features of faces prompt increased attention to visual
presentations of faces (Herrmann et al., 2005; Bruno Rossion & Caharel, 2011). A low P1
amplitude measured following presentation of a facial emotion might suggest that the
emotion is not being perceived and encoded optimally.
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The N170 component has been found to have a specifically strong response to
visual stimuli of faces, yet there is conflicting evidence as to whether its amplitude is a
relative measurement of arousal, attention, or distinct emotion identification. As
discussed previously, the negative ERP peak at about 170ms after stimulus onset
represents perception of the static, structural features of a visually presented face. Yet the
amplitude of the N170 does not seem to indicate the strength of the perception or
encoding of the stimulus. Schyns, Petro, & Smith (2007) traced the time course of the
N170 at 4ms intervals to map the wave form associated with emotion expression that
surrounds this negative peak. From their results, Schyns et. al. proposed that the N170
represents integration of facial features over time starting about 50ms before the N170
peak beginning with visual cues from around the eyes and then proceeding down the face
(regardless of the expression). Once information critical for behavior is integrated the
process is stopped, represented by the N170 peak. The results of the study by Schyns and
colleagues suggest that the N170 peak amplitude represents the culmination of integrated
information associated with emotional expression. Consistent with this hypothesis, some
studies that sought to determine if emotions are differentiated within the early stages of
facial emotion processing have found that N170 amplitude distinguishes between
different emotions (Batty & Taylor, 2003; Blau et al., 2007; Brenner et al., 2016, 2014;
Caharel, Courtay, Bernard, Lalonde, & Rebaï, 2005; Krombholz, Schaefer, & Boucsein,
2007; Streit et al., 1999, 2001).
Visual stimuli of faces expressing emotions have been found to be associated with
larger N170 amplitudes than neutral emotions (Streit et al., 1999, 2001), and negative
emotions such as fear, anger, and disgust seem to have the greatest amplitudes (Batty &
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Taylor, 2003; Blau et al., 2007; Brenner et al., 2016, 2014; Caharel et al., 2005;
Krombholz et al., 2007). Many of these studies have also found a relationship between
amplitude and behavioral performance (Brenner et al., 2014; Streit et al., 1999, 2001).
Streit et al. (1999) compared N170 in response to visual stimuli of faces with emotional
expressions (happiness, fear, anger, surprise, disgust, and sadness) to blurred images of
faces. In addition to finding that the N170 amplitude was larger for faces with emotional
expressions, larger amplitudes were also associated with increased expression recognition
(Streit et al., 1999). Caharel et al. (2005) compared N170 amplitudes and button press
response times in tasks of familiarity and expression identification. In the familiarity task,
participants were asked to indicate whether the facial image presented was a familiar
face. In the expression identification, participants indicated if the face was expressing an
emotion. The images in this study had four levels of familiarity to the participant
(participant’s mother, their own face, celebrities, and unknown individuals) and three
expressions (smiling, neutral, and disgust). Consistent with previous research, the N170
amplitude was larger for familiar faces and for emotions compared to neutral expressions
(disgust was associated with the largest amplitudes). Response times were faster for
images of the participant’s mother’s face and their own and were slower for emotion
compared to familiarity identification. For familiar faces higher N170 amplitude was
associated with faster identification (Caharel et al., 2005).
There have been some studies that offer evidence for alternative explanations for
N170 amplitude differences for emotions. Krombholz et al. (2007) found that N170
amplitudes to visual stimuli of hand-drawn faces when primed by a semantic cue
(“happy” and “angry”) were higher for angry compared to happy faces, but did not find
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evidence of semantic priming effects. In the discussion of their findings, Krombholz and
colleagues argue that tasks that require the participant to focus explicitly on the emotions
of the face will produce the differences in N170 amplitude for different emotions.
Rellecke et. al. (2012) presented participants with images of faces expressing angry,
happy, and neutral expressions, but used a comparison of average reference to average
mastoid reference and found that using a mastoid reference eliminated the N170
amplitude differences for the different emotions. A study by Ashley et al. (2004) found
that while face inversion was associated with N170 amplitude, emotional expression
(happy and disgust) did not influence N170 amplitude. Together, these studies suggest
that differences in N170 amplitude in response to emotions can be influenced by study
design, but a clear explanation for the differences is still lacking. One hypothesis that
offers an explanation for the apparently conflicting evidence of N170 amplitude
associations was tested by Almeida et al. (2016). Almeida and colleagues, in addition to
previous studies that compare N170 amplitude for facial stimuli with different emotional
expressions, measured the effects of perceived arousal of the facial expression on N170
amplitudes. Regardless of emotional category, N170 amplitudes were found to be
significantly influenced by perceived arousal. In conclusion, although N170 amplitudes
may differ by emotion presented, more research is needed to clarify what is being
measured by N170 amplitude and how it is related to facial emotion memory.
Although the P1 and N170 ERP amplitudes may not distinguish emotional
expressions, other, later EEG components as well as frequency oscillations have been
found to be associated with different emotional expressions. Many studies have found
that positive and negative expressions can be distinguished from neutral facial
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expressions based on waveform peak amplitudes after about 250 ms post stimulus onset
with negative emotions having generally greater amplitudes (Balconi & Pozzoli, 2003;
Batty & Taylor, 2003; Krolak-Salmon et al., 2001; Münte et al., 1998). The theory
suggested by many of these studies proposes that emotional expressions boost or improve
early visual processing of faces and that the emotional expression itself is interpreted in
later visual processing (Sato et al., 2001). As early ERP components provide information
about the strength or robustness of facial emotion expression encoding, later ERP
components may provide information about identification of the facial emotion
expression.
EEG oscillations can also be assessed as the amount of synchronous activity
within a specific frequency band. The amount of synchronous activity is reflected in
“power” or the magnitude of the response within that frequency band. Similar to eventrelated potentials, the synchronization (or desynchronization) of specific frequency bands
can be time locked to a specific event to form event-related synchronization (ERS) or
desynchronization (ERD). Synchronization indicates coordinated neural activity while
desynchronization indicates sporadic activity. ERS in the theta frequency band (4-7 Hz)
in frontal and central brain areas has been found to be associated with orienting and
selective attention (Başar, Schürmann, & Sakowitz, 2001; Chang & Huang, 2012; Deiber
et al., 2007; Missonnier et al., 2006), yet theta activity in parietal and occipital areas
appears to be related to working memory (Sarnthein, Petsche, Rappelsberger, Shaw, &
von Stein, 1998; Sauseng, Griesmayr, Freunberger, & Klimesch, 2010). Klimesch et al.
(2001) found that greater theta power in parietal and occipital areas was associated with
memory compared to knowledge on a semantic task in which participants were presented
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with words from a previously presented list and asked to indicate whether they
consciously remembered the word or “knew” the word, but did not recollect seeing it on
the list. Studies have also found that theta power in parietal and occipital regions is
associated with retention of information rather than perception (Sarnthein et al., 1998),
working memory execution and speed (Tsoneva, Baldo, Lema, & Garcia-Molina, 2011),
and higher memory load on working memory tasks (Deiber et al., 2007). Additionally,
studies that analyze theta activity associated with working memory demonstrate that
increased memory load is associated with increased theta activity (Deiber et al., 2007;
Jensen & Tesche, 2002). A study by Lee et al. (2005) found that theta power in the
occipital cortex of monkeys increased during the delay interval of a working memory
task indicating that theta power is associated with memory maintenance over a delay
interval. This finding was supported by Klimesch et al. (2006) in a sample of human
participants, such that desynchronization of theta activity during delay intervals was
associated with episodic trace decay or difficulty maintaining memory during delay
periods (Klimesch et al., 2006). The relationship between theta activity in parietal and
occipital areas and emotion memory maintenance during a delay period is of particular
interest for this study.
Previous studies that have investigated theta power associated with emotion
memory maintenance have found a relationship between theta synchronization and
emotional valence in early facial emotion processing. In a series of studies by Aftanas et
al. (2001, 2002, & 2003) theta ERS was found to be greater in the right hemisphere for
negative emotions and greater in the left hemisphere for positive emotions and greater for
emotional stimuli compared to neutral (for healthy controls and patients with
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alexythimia) (L.I. Aftanas, Varlamov, Pavlov, Makhnev, & Reva, 2001; L.I. Aftanas et
al., 2003; Ljubomir I Aftanas, Varlamov, Pavlov, Makhnev, & Reva, 2002). In support of
these findings, many studies have confirmed that theta synchronization in response to
visual stimuli of emotional expressions occurs between about 100-400 ms post stimulus
onset (Balconi & Lucchiari, 2006; Balconi & Pozzoli, 2009; González-Roldan et al.,
2011; Güntekin & Başar, 2009; Zhang et al., 2012) and is stronger in the right compared
to left hemisphere (Balconi & Lucchiari, 2006; Güntekin & Başar, 2009; Zhang et al.,
2012). Theta synchronization has also been found to discriminate emotional expressions
from neutral facial expressions, such that emotional expressions are associated with
increased theta synchrony (Balconi & Lucchiari, 2006; Balconi & Pozzoli, 2009; Zhang
et al., 2012). Of note, Gonzalez-Roldan et al. (2011), found that higher intensity images
of pain and anger were associated with significantly greater theta synchronization than
low intensity images of these facial emotion expressions indicating that theta activity may
also be associated with relative arousal of the visual stimulus. Similarly, Knayazev et al.
(2009), found that theta synchronization was stronger for emotional compared to neutral
stimuli overall, but during tasks of implicit emotional identification appear to be
associated with earlier theta synchronization compared to explicit emotion identification.
These findings have not yet been replicated so it is important for future research to
determine whether arousal and early versus later theta activity influence findings related
to theta activity of facial emotion processing.
Few studies have examined theta activity as it relates to both working memory
and facial emotion processing. Brenner et al. (2014 & 2016) examined theta activity as it
relates to ERP components for explicit memory of emotional expressions. In these
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studies, healthy participants (2014) and those with schizophrenia (2016) were required to
maintain emotional expressions in memory for a delay of 2000 ms. Findings from these
studies indicated that theta power was larger in response to negative compared to positive
emotions and that theta power in earlier epochs (500-1000 ms) was larger than in later
epochs (1000-2000 ms). In addition, theta power was correlated with N170 amplitude
during the delay period for the healthy individuals and that both increased N170
amplitude and increased theta power predicted correct identification of affect for the very
happy emotional expression. It is unclear from these findings whether theta activity
during the delay represents continued oscillations from the N170 response or mechanisms
associated with emotion memory maintenance. These previous studies by Brenner et al.
(2014 & 2016) do not address the impact of the length of the memory delay on theta
oscillatory activity during emotion memory as only a 2000 ms delay interval was used.
The current study hopes to further clarify the relationship between theta activity during
working memory and explicit facial emotion processing by exploring theta
synchronization in response to emotion memory maintenance during delay periods of
varying lengths.
In summary, this study aims to further elucidate the mechanisms of facial affect
recognition and memory. Facial emotion processing begins with the perception of the
low-level features of facial expressions. The amount of attentional resources dedicated to
encoding of these low-level features is indicated by the amplitude of the P1 ERP
component. Then, as noted by the N170 ERP component, the structures of a face are
perceived and identified. Simultaneously, perception and retention of distinct emotions is
likely differentiated by the amplitude of the N170 and theta power with negative
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emotions (such as fear, anger, and disgust) correlating with larger amplitudes than
positive emotions (Batty & Taylor, 2003; Blau et al., 2007; Brenner et al., 2016, 2014;
Krombholz et al., 2007). Deficits in facial emotion memory are likely to be associated
either with the robustness of encoding the visual representation of emotions or the
maintenance of the emotion as neurological resources are dedicated to the interpretation
and maintenance of the expression. To make this distinction, the present study will
compare encoding of emotions and maintenance of emotional expressions like previous
studies by Brenner et al. (2014 & 2016). A unique component of the current study is the
analysis of sustained theta activity during varying lengths of the delay interval for the
emotion memory task, which will provide additional information about how emotion
memory is maintained.
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CHAPTER TWO
SPECIFIC AIMS AND HYPOTHESES
This study aims to determine the mechanisms of facial emotion recognition and
memory and explore theta activity during delay periods of varying lengths.

Aim 1
To determine whether facial emotional expression and the length of the delay
period influence the robustness of facial emotion encoding (represented by P1 and N170
amplitude).
Specific Hypothesis 1: There will be no differences in P1 amplitude for emotional
expression, but N170 amplitudes will be greater in response to visual stimuli of negative
emotions as compared to stimuli of positive and neutral emotions.
Specific Hypothesis 2: There will be no difference in P1 and N170 amplitudes in
response to the to-be-remembered facial emotion for the three delay interval lengths (500
ms, 1000 ms, 2000 ms).

Aim 2
To determine if the length of the delay period and type of emotional expression
influence emotion memory maintenance (represented by theta power magnitude).
Specific Hypothesis 1: There will be differences in the magnitude of theta power for the
varying time delays such that theta power during the entire delay period will be greater
for the shorter intervals (500 ms & 1000 ms) than for the longer interval (2000 ms).
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Specific Hypothesis 2: There will be differences in the magnitude of theta power for
emotional expressions such that negative emotions (Fear, Sad, and Anger) will be
associated with greater theta power than neutral and positive emotions (Happy and Very
Happy).

Aim 3
To determine if memory maintenance of emotional expressions (represented by
theta power magnitude) is different for the beginning, middle, and end latencies of the
emotion working memory delay interval.
Specific Hypothesis 1: Theta power will be stronger for the beginning latencies of the
time delays regardless of the length of the delay than for the middle and end latencies.

Aim 4
To explore the relationships between theta oscillations, P1 amplitude, and N170
amplitude.
Specific Hypothesis 1: N170 amplitude and theta power throughout the entire delay
period (regardless of length of delay) will be correlated, but P1 amplitude will only be
correlated with N170 amplitude and not theta power.
Specific Hypothesis 2: Theta power will mediate the relationship between N170
amplitude and correct emotion identification for emotions that show significant N170
amplitudes.
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Aim 5
To determine if length of delay interval affects facial emotion memory.
Specific Hypothesis 1: Length of delay interval will be associated with performance, such
that longer delay intervals (1000 ms and 2000 ms) will be associated with fewer correct
emotion identification responses throughout the task compared to the shorter delay
interval (500ms).
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CHAPTER THREE
METHODS
Participants
Thirty healthy persons (HC) free from any Axis I disorders participated in this
study. Participants were an average of 20 years old (SD = 1.4 years) and 43% (13) were
male. Exclusion criteria included head injury resulting in loss of consciousness >10
minutes, learning disability and self-reported hearing impairment. All procedures were
approved by the UBC ethics board and participants provided written informed consent.

Procedure
Procedure and EEG acquisition details are similar to those of Brenner et al. (2014)
and Brenner, Rumak, & Burns (2016). Participants were seated in a quiet, darkened room
and stimuli were presented on a cathode ray tube monitor 110 cm in front of the
participant. Facial affect stimuli for the delayed match-to-sample task were taken from
the NimStim Face Stimulus Set and consisted of an equal number of Caucasian female
and male faces (Tottenham et al., 2009). Six emotions were depicted by 22 different
models (Very Happy, Somewhat Happy, Neutral, Sad, Fearful, and Angry) and pictures
from every emotional category were selected for each model. The facial stimuli
subtended 12.97 degrees of visual angle, and color and contrast of the pictures were not
modified. The first face stimulus was presented for 200 ms, followed by a delay interval.
The second stimulus was then presented for 200 ms and the participants responded, via
button press with their dominant hand (right for all but two participants), whether the
affective expression of the second stimulus was the same or different from the first
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stimulus (Figure 1). There were 3 blocks of trials presented in random order (one for each
delay interval of 500 ms, 1000 ms, or 2000 ms) during which a black fixation cross
remained on the screen. The task consisted of 120 trials per block; 60 matched
expressions and 60 mismatched expressions, balanced across emotional expression (20
trials per emotion) and blocks were presented in randomized order. The first and second
stimuli were always different models of the same sex, and the identity of the models was
counterbalanced across matched and mismatched trials.

P1 & N170 measured

Theta activity measured
500 ms,
1000 ms, or
2000 ms

P1 & N170 measured

Figure 1. Presentation of stimuli during the emotion memory task. Event related-potential
components (P1 and N170) were recording in response to both visual stimuli. Theta activity
was measured during the delay interval for each condition of 500 ms, 1000 ms, and 2000
ms.

EEG Data Acquisition
Brainwave activity was recorded from 31 electrode sites using Brain Vision
QuickAmps. Data were captured at 1000 Hz using a common average reference and all
impedances were kept below 10kΩ. Eye blink activity was recorded using bipolar
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electrodes placed above and below the left eye and on each temple for offline eye-blink
correction (Gratton, Coles, & Donchin, 1983). Only trials in which participants provided
a correct response were analyzed further.

ERP Amplitudes
Data for ERP analyses were filtered between 1-30 Hz and segmented into
latencies for each time delay with 200 ms pre-stimulus from the onset of the first face and
100 ms post-stimulus from the onset of the second face. Artefacts greater than +/- 150 μV
were excluded and semi-automated peak-picking of the average waveforms was
performed. ERP amplitudes were averaged for the P100 and N170 from parietal (P3, P4,
P7, & P8), temporo-parietal (TP7 & TP8), and occipital regions (O1 & O3). Outliers
were identified as amplitudes three times the interquartile range and were excluded from
analyses.

Delay Interval Theta Power
Raw data were segmented into latencies that varied in length depending on the
length of the delay interval, but each had a 200 ms baseline period. For the 500 ms delay,
the total epoch measured 3000 ms, for the 1000 ms delay the total epoch was 3500 ms,
and for the 2000 ms delay the epoch was 4000 ms (Figures 2, 3, and 4). A Morelet
wavelet was run over the entire averaged waveform from 1-60 Hz in 60 steps (c = 6) and
normalized with respect to sampling rate and baseline activity. Power between 5-8 Hz
was averaged and exported for a total epoch interval and a beginning, middle, and end
interval for each epoch for the 3 time delays (Table 1 & Figure 2-4). Data will be
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transformed to normalize the distribution if it is found to be non-normal (Brenner,
Sporns, Lysaker, & O’Donnell, 2003; Nakao, Bai, Nashiwa, & Northoff, 2013).

Table 1. Segmentation of Time Intervals for each Delay Condition.
Beginning Interval Middle Interval

End Interval

Full Interval

500 ms Delay

0-167 ms

167-334 ms

334-500 ms

200-700 ms

1000 ms Delay

0-333 ms

333-666 ms

666-1000 ms

200-1200 ms

2000 ms Delay

0-666 ms

666-1334 ms

1334-2000 ms 200-2200 ms

Figure 2. Sequence of events for the 500 ms Delay Condition of the emotion memory
task. The delay interval was segmented into 3 time intervals as demonstrated by tic marks
on the timeline.
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Figure 3. Sequence of events for the 1000 ms Delay Condition of the emotion memory
task. The delay interval was segmented into 3 time intervals as demonstrated by tic marks
on the timeline.

Figure 4. Sequence of events for the 2000 ms Delay Condition of the emotion memory
task. The delay interval was segmented into 3 time intervals as demonstrated by tic marks
on the timeline.

Statistical Analysis
Repeated Measures ANOVA with 2 within subjects factors of Emotion (very
happy, happy, neutral, sad, fear, and anger) and Delay Condition (500 ms, 1000 ms, and
2000 ms) will be used to evaluate P1 and N170 amplitudes from ERPs to Stimulus 1 and
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for theta power during the entire delay for each condition. Additional repeated measured
with 2 within-subject factors of Emotion (6) and Time Interval (beginning interval,
middle interval, and end interval) for each delay condition will be compared to evaluate
theta power during the delay intervals. If sphericity is violated, Greenhouse-Geisser
corrections will be reported. Finally, mediation analyses using the PROCESS macro from
Hayes (2013) will be used to test whether the relationship between N170 amplitude and
behavioral performance was mediated by theta power for significant emotions across all
delay conditions and delay intervals (Aiken & West, 1991; Hayes, 2013). All statistical
analyses will be done in SPSS (version 22.0).
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CHAPTER FOUR
RESULTS
Event-Related Potential Component Analyses
P1 at the Left Occipital Electrode Site
A repeated measures ANOVA on P1 ERP amplitude at electrode site O1 was
conducted, with within subjects factors of Emotion (6) and Delay (500, 1000, 2000) and
revealed a main effect of Emotion (F(5,140) = 2.917, p= 0.015). Pairwise comparisons
indicated that P1 amplitude to Happy Open was significantly larger than those to Neutral
(p= 0.015), Fear (p= 0.006) and Anger (p= 0.007). In addition, P1 amplitude to Happy
Closed was significantly larger than that to Neutral (p= 0.042) and Fear (p= 0.027).

P1 at the Right Occipital Electrode Site
A repeated measures ANOVA on P1 ERP amplitude at electrode site O2 was
conducted, with within subjects factors of Emotion (6) and Delay (500, 1000, 2000) and
revealed no significant findings.

N170 at the Left Parietal Electrode Site
A repeated measures ANOVA on N170 ERP amplitude at electrode site P7 was
conducted, with within subjects factors of Emotion (6) and Delay (500, 1000, 2000) and
revealed a main effect of Emotion (F(5,130) = 4.211, p= 0.001). Pairwise comparisons
(see Figure 5) indicated that N170 amplitude to Fear was significantly larger than those to
Happy Open (p= 0.023), Happy Closed (p= 0.005), and Neutral (p= 0.009). N170
amplitude to Anger was also significantly larger than those to Happy Open (p= 0.005),
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Happy Closed (p= 0.010), and Neutral (p= 0.00). N170 amplitudes to Fear and Anger did
not significantly differ from one another (p= 0.720).

Figure 5. Differences in N170 amplitude for each emotion at electrode site P7. * p < .01

There was also a main effect of Delay (F(2,52)= 4.893, p= 0.011) indicating that
N170 amplitudes collected during the 500 ms and 1000 ms delay interval conditions were
larger than those collected during the 2000 ms delay interval condition (p= 0.010, p=
0.031 respectively). Amplitudes collected during the 500 ms and 1000 ms delay interval
did not significantly differ from one another (p= 0.357).

N170 at the Right Parietal Electrode Site
A repeated measures ANOVA on N170 ERP amplitude at electrode site P8 was
conducted, with within subjects factors of Emotion (6) and Delay (500 ms, 1000 ms,
2000 ms) and revealed a main effect of Emotion (F(5,130) = 4.071, p= 0.002). Pairwise
comparisons (see Figure 6) indicated that N170 amplitude to Anger was significantly
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larger than those to Happy Open (p= 0.002), Happy Closed (p= 0.033), Neutral (p=
0.003), and Sad (p= 0.013). In addition, N170 amplitude to Fear was significantly larger
than that to Happy Open (p= 0.046) and Neutral (p= 0.007). N170 amplitudes to Fear
and Anger did not significantly differ from one another (p= 0.445).
There was also a main effect of Delay (F(2,52)= 10.345, p< 0.001) indicating that
N170 amplitudes collected during the 500 ms and 1000 ms delay interval conditions were
larger than those collected during the 2000 ms delay interval condition (p< 0.001, p=
0.005 respectively). Amplitudes collected during the 500 ms and 1000 ms delay interval
did not significantly differ from one another (p= 0.260).

Figure 6. Differences in N170 amplitude for each emotion at electrode site P8. * p < .01
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Theta Power Analyses
Left Parietal Electrode Site
A repeated measures ANOVA on Theta power at electrode site P7 was conducted,
with within subjects factors of Emotion (6), Latency (divided into thirds: Early, Middle,
Late), and Delay (500, 1000, 2000) and revealed a main effect of Delay (see Table 2)
indicating that Theta power collected during the 500 ms delay interval condition was
larger than those collected during the 1000 ms and 2000 ms delay interval conditions. In
addition, Theta power collected during the 1000 ms delay interval was larger than that
collected during the 2000 delay interval condition (see Figure 7).

Table 2. Repeated Measures ANOVA on Theta power at electrode site P7 with withinsubjects factors of Emotion (6), Latency (divided into thirds: Early, Middle, Late), and
Delay (500, 1000, 2000).
Emotion
Delay
Latency

df
3.50, 80.49
1.28, 29.62
1.10, 25.33

F
2.19
40.55
44.36

34

p
.09
<.001
<.001

Figure 7. Differences in Theta power magnitudes at electrode site P7 for the 500 ms, 1000
ms, and 2000 ms Delay intervals. * p < .001

There was also a main effect of Latency (see Table 2) indicating that Theta power
collected during the Early latencies of the delay intervals was larger than those collected
during the Middle and Late latencies of the delay intervals. In addition, Theta power
collected during the Late latencies was also larger than those collected during the Middle
of the delay intervals (see Figure 8).
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Figure 8. Differences in Theta power magnitudes at electrode site P7 for the Early, Middle,
and Late latencies. * p < .001

In addition, there were interaction effects of Emotion X Latency
(F(3.692,84.924)= 3.490, p=.013) and Delay X Latency (F(2.060,47.383)= 35.402, p<
0.001). A repeated measures ANOVA with Latency & Delay as within-subjects effects
for each emotion was conducted to interpret both of these interactions and results are
displayed in Table 3. For all emotions, there was a main effect of Delay such that Theta
power collected during the 500 ms delay interval condition was larger than those
collected during the 1000 ms and 2000 ms delay interval conditions. Theta power in
response to Neutral and Fear expressions was greater during the 2000 ms delay condition
than in the 1000 ms condition. Also for all emotions, there was a main effect of Latency
such that Theta power during the Early third of the delay intervals was larger than theta
power during Middle and Late which did not differ from each other for Happy Open,
Happy Closed, and Neutral expressions. Theta power in response to faces expressing Sad,
Fear, and Anger was greater in the Middle third of delay intervals than in the Late third
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(see Table 3). There was also an interaction of Latency X Delay for all emotions
indicating that Theta power during the 500 ms interval was greatest for the Early latency,
smaller for the Middle latency, and smallest for the Late latency, but differences between
the latencies were not significant during the 1000 ms and 2000 ms delay conditions.

Table 3. Six (one for each emotion) repeated measures ANOVAs on Theta power at the
P7 electrode site with Latency & Delay as within-subjects effects was conducted to
interpret the Emotion X Latency and Delay X Latency interactions.
df
F
p
Contrast Effects
Happy Open

Delay

1.7, 26.94

44.60

<.001

500ms > 1000ms> 2000ms

2, 46

15.97

<.001

Early > Mid = Late

Delay

1.22, 27.98

34.04

<.001

500ms > 1000ms> 2000ms

Latency

1.31, 30.07

14.66

<.001

Early > Mid = Late

Delay

1.11, 25.42

31.66

<.001

500ms > 2000ms > 1000ms

Latency

1.51, 34.79

18.45

<.001

Early > Mid = Late

Delay

1.08, 24.74

27.68

<.001

500ms > 1000ms = 2000ms

Latency

1.50, 34.59

15.27

<.001

Early > Mid > Late

Delay

1.09, 25.08

53.57

<.001

500ms > 2000ms > 1000ms

Latency

1.47, 33.90

22.36

<.001

Early > Mid = Late

Delay

1.11, 25.55

51.36

<.001

500ms > 2000ms > 1000ms

2, 46

25.06

<.001

Early > Mid = Late

Latency
Happy Closed

Neutral

Sad

Fear

Anger

Latency

Right Parietal Electrode Site
A repeated measures ANOVA on Theta power at electrode site P8 was conducted,
with within subjects factors of Emotion (6), Latency (divided into thirds: Early, Middle,
Late), and Delay (500, 1000, 2000) and revealed a main effect of Delay (see Table 4)
indicating that Theta power collected during the 500 ms delay interval condition was
larger than those collected during the 1000 ms and 2000 ms delay interval conditions. In
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addition, Theta power collected during the 1000 delay interval was larger than that
collected during the 2000 delay interval condition (see Figure 9).

Figure 9. Differences in Theta power magnitudes at electrode site P8 for the 500 ms, 1000
ms, and 2000 ms Delay intervals. * p < .001

Table 4. A repeated measures ANOVA on Theta power at electrode site P8 was conducted,
with within-subjects factors of Emotion (6), Latency (divided into thirds: Early, Middle,
Late), and Delay (500, 1000, 2000).
df

F

p

Emotion

3.27, 68.57

.23

.89

Delay

1.15, 24.09

31.84

<.001

Latency

1.06, 22.21

37.20

<.001

There was also a main effect of Latency (see Table 4) indicating that Theta power
collected during the Early latencies of the delay intervals was larger than those collected
during the Middle and Late latencies of the delay intervals. In addition, Theta power
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collected during the Late latencies was larger than those collected during the Middle of
the delay intervals (see Figure 10).

Figure 10. Differences in Theta power magnitudes at electrode site P8 for the Early,
Middle, and Late latencies. * p < .001

In addition, there was an interaction effect of Delay X Latency (F(4,84)= 25.628,
p< 0.001). A repeated measures ANOVA with Latency as a within-subjects effect for
each delay condition (500 ms, 1000 ms, 2000 ms) was conducted to interpret this
interaction (see Table 5). For all delay conditions, Theta power collected during the Early
latency was larger than in the Middle and Late latencies. For the 1000 ms and 2000 ms
delay conditions, Theta power was larger during the Late than in the Middle latencies
(see Table 5).
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Table 5. Three (one for each Delay condition) repeated measures ANOVAs with Latency
as a within-subjects effect for each delay condition (500 ms, 1000 ms, 2000 ms) was
conducted to interpret the interaction effect of Delay X Latency (F(4,84)= 25.628, p<
0.001) at electrode site P8.
df
F
p
Contrast Effects
500 ms

1.05, 22.05

34.23

<.001

Early > Mid = Late

1000 ms

1.05, 22.01

35.58

<.001

Early > Late> Mid

2000 ms

1.07, 22.5

36.52

<.001

Early > Late> Mid

Left Occipital Electrode Site
A repeated measures ANOVA on Theta power at electrode site O1 was
conducted, with within subjects factors of Emotion (6), Latency (divided into thirds:
Early, Middle, Late), and Delay (500, 1000, 2000) and revealed a main effect of Delay
(see Table 6) indicating that Theta power collected during the 500 ms delay interval
condition was larger than those collected during the 1000 and 2000 ms delay interval
conditions. In addition, Theta power collected during the 1000 delay interval was larger
than that collected during the 2000 delay interval condition (see Figure 11).

Table 6. A repeated measures ANOVA on Theta power at electrode site O1 was conducted,
with within-subjects factors of Emotion (6), Latency (divided into thirds: Early, Middle,
Late), and Delay (500, 1000, 2000).
df

F

p

Emotion

5, 105

.23

.95

Delay

2, 42

35.34

<.001

Latency

2,42

79.02

<.001
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Figure 11. Differences in Theta power magnitudes at electrode site O1 for the 500 ms,
1000 ms, and 2000 ms Delay intervals. * p < .001

There was also a main effect of Latency (see Table 6) indicating that Theta power
collected during the Early latencies of the delay intervals was larger than those collected
during the Middle and Late latencies of the delay intervals In addition, Theta power
collected during the Late latencies was larger than those collected during the Middle of
the delay intervals (see Figure 12).
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Figure 12. Differences in Theta power magnitudes at electrode site O1 for the Early,
Middle, and Late latencies. * p < .001

In addition, there was an interaction effect of Delay X Latency (F(4,84)= 32.260,
p< 0.001). A repeated measures ANOVA with Latency as a within-subjects effect for
each delay condition (500 ms, 1000 ms, 2000 ms) was conducted to interpret this
interaction (see Table 7). In all conditions, Theta power was greatest during the Early
latency. In the 1000 ms and 2000 ms delay conditions Theta power was greater in the
Late latency than in the Middle latency, but Theta power was not significantly greater
during the Late latency than the Middle latency for the 500 ms delay condition (see Table
7).
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Table 7. Three (one for each Delay condition) repeated measures ANOVAs with Latency
as a within-subjects effect for each delay condition (500 ms, 1000 ms, 2000 ms) was
conducted to interpret the interaction effect of Delay X Latency (F(4,84)= 32.260, p<
0.001) at the O1 electrode site.
df
F
p
Contrast Effects
Emotion

5, 100

.52

.76

Early > Mid = Late

Delay

2, 40

34.20

<.001

Early > Late > Mid

Latency

2,40

45.38

<.001

Early > Late > Mid

Right Occipital Electrode Site
A repeated measures ANOVA on Theta power at electrode site O2 was
conducted, with within subjects factors of Emotion (6), Latency (divided into thirds:
Early, Middle, Late), and Delay (500, 1000, 2000) and revealed a main effect of Delay
(see Table 8) indicating that Theta power collected during the 500 delay interval
condition was larger than those collected during the 1000 and 2000 delay interval
conditions. In addition, Theta power collected during the 1000 delay interval was larger
than that collected during the 2000 delay interval condition (see Figure 13).

Table 8. A repeated measures ANOVA on Theta power at electrode site O2 was conducted,
with within-subjects factors of Emotion (6), Latency (divided into thirds: Early, Middle,
Late), and Delay (500, 1000, 2000).
df
F
p
Emotion

5, 100

.52

.76

Delay

2, 40

34.20

<.001

Latency

2,40

45.38

<.001
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Figure 13. Differences in Theta power magnitudes at electrode site O2 for the 500 ms,
1000 ms, and 2000 ms Delay intervals. * p < .001

There was also a main effect of Latency (see Table 8) indicating that Theta power
collected during the Early latencies of the delay intervals was larger than those collected
during the Middle and Late latencies of the delay intervals. In addition, Theta power
collected during the Late latencies was also larger than those collected during the Middle
latency of the delay intervals (see Figure 14).
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Figure 14. Differences in Theta power magnitudes at electrode site O2 for the Early,
Middle, and Late latencies. * p < .001

In addition, there was an interaction effect of Delay X Latency (F(4,80)= 31.428,
p < 0.001). A repeated measures ANOVA with Latency as a within-subjects effect for
each delay condition (500 ms, 1000 ms, 2000 ms) was conducted to interpret this
interaction (see Table 9). For the 1000 ms and 2000 ms delay conditions Theta power
collected during the Late latencies was larger than those collected during the Middle
latencies, but Theta power was not significantly greater during the Late latency than the
Middle latency for the 500 ms delay condition (see Table 9).
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Table 9. Three (one for each Delay condition) repeated measures ANOVAs with Latency
as a within-subjects effect for each delay condition (500 ms, 1000 ms, 2000 ms) was
conducted to interpret the interaction effect of Delay X Latency (F(4,80)= 31.428, p <
0.001) at the O2 electrode site.
df
F
p
Contrast Effects
500 ms

1.10, 22.08

39.60

<.001

Early > Mid = Late

1000 ms

1.08, 21.60

42.10

<.001

Early > Late > Mid

2000 ms

1.12, 22.40

44.77

<.001

Early > Late > Mid

ERP and Theta Power Regression Analyses
Left Parietal Electrode Site
A standard multiple linear regression was conducted to determine the influence of
P1 and N170 amplitudes and Total Theta power during the 500 ms delay condition on
behavioral performance (see Table 10). There were no significant effects for P1, N170
and Total Theta power during the 500 ms delay condition in response to Happy Open,
Happy Closed, Sad, and Anger. In response to Neutral faces, the regression model
accounted for a significant proportion of the variance in behavioral performance (R2 adj =
0.218, F(3,23) = 3.409p = 0.035). N170 amplitude significantly predicted behavioral
performance such that as N170 amplitude increased behavioral performance improved (β
= 0.640, p= 0.006). Total Theta power also significantly predicted behavioral
performance, such that as Theta power increased, behavioral performance improved (β =
.471, p= .042). In response to faces expressing Fear, the regression model accounted for a
significant proportion of the variance in behavioral performance (R2adj = 0.258, F(3,24) =
4.122, p =0.017). N170 amplitude significantly predicted behavioral performance such
that as N170 amplitude increased, behavioral performance improved (β = .597, p=
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0.003). Total Theta power was trending toward significance as a predictor of behavioral
performance, such that as Theta power increased, behavioral performance improved (β =
0.403, p= 0.059).

Table 10. Regression of P1 and N170 Event-Related Potential Amplitudes and Total Theta
Power throughout Delay Conditions Predict Correct Identification of Emotions at the P7
Electrode Site.
Emotion
500 Delay Condition

Variable

Neutral

Β

3.409

p
.035

N170

0.64

.006

Total Theta

.471

.042

Fear

1000 Delay
Condition

F

4.122

.017

N170

.597

.003

Total Theta

.403

.059

Happy
Closed

4.505
P1

.013
.426

.024

A standard multiple linear regression was conducted to determine the influence of
P1 and N170 amplitudes and Total Theta power during the 1000 ms delay condition on
behavioral performance (see Table 10). There were no significant effects for P1, N170
and Total Theta power during the 1000 ms delay condition in response to Happy Open,
Sad, Neutral, Fear, and Anger. Overall, in response to Happy Closed faces, the regression
model accounted for a significant proportion of the variance in behavioral performance
(R2 adj = 0.288, F(3,23) = 4.505, p = 0.013). P1 amplitude significantly predicted
behavioral performance such that as P1 amplitude increased behavioral performance
improved (β = 0.426, p=0.024).
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A standard multiple linear regression was conducted to determine the influence of
P1 and N170 amplitudes and Total Theta power during the 2000 ms delay condition on
behavioral performance and there were no significant findings.

Right Parietal Electrode Site
A standard multiple linear regression was conducted to determine the influence of
P1 and N170 amplitudes and Total Theta power during the 500 ms delay condition on
behavioral performance and there were no significant findings.
A standard multiple linear regression was conducted to determine the influence of
P1 and N170 amplitudes and Total Theta power during the 1000 ms delay condition on
behavioral performance (see Table 11). There were no significant effects for P1, N170
and Total Theta power during the 1000 ms delay condition in response to Happy Closed,
Sad, Neutral, Fear, and Anger. Overall, in response to Happy Open faces, the regression
model accounted for a significant proportion of the variance in behavioral performance
(R2 adj = 0.207, F(3,22) = 3.174, p = 0.044). P1 amplitude significantly predicted
behavioral performance such that as P1 amplitude decreased, behavioral performance
improved (β = -0.502, p=.013).
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Table 11. Regression of P1 and N170 Event-Related Potential Amplitudes and Total Theta
Power throughout Delay Conditions Predict Correct Identification of Emotions at the P8
Electrode Site.
1000 Delay
Condition

Emotion
Happy Open

Variable

F
3.174

P1
2000 Delay
Condition

Β

.044
-.502

Happy Open

3.481
N170

Neutral

3.055
.577

Fear

4.599
P1
Total Theta

.013
.032

-.451

P1

p

.565
-.451

.016
.049
.008
.011
.008
.015

A standard multiple linear regression was conducted to determine the influence of
P1 and N170 amplitudes and Total Theta power during the 2000 ms delay condition on
behavioral performance (see Table 11). There were no significant effects for P1, N170
and Total Theta power during the 2000 ms delay condition in response to Happy Closed,
Sad, and Anger. Overall, in response to faces expressing Happy Open, the regression
model accounted for a significant proportion of the variance in behavioral performance
(R2adj = 0.223, F(3,23) = 3.481, p =0.032). N170 amplitude significantly predicted
behavioral performance such that as N170 amplitude increased, behavioral performance
improved (β = .451, p= 0.003). Overall, in response to Neutral faces, the regression
model accounted for a significant proportion of the variance in behavioral performance
(R2adj = .285, F(3,23) = 3.055, p = 0.049). P1 amplitude significantly predicted behavioral
performance such that as P1 amplitude increased behavioral performance improved (β =
0.577, p=0.008). In response to Fear, the regression model accounted for a significant
proportion of the variance in behavioral performance (R2adj = 0.365, F(3,24) = 4.599, p =
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0.011). P1 amplitude significantly predicted behavioral performance such that as P1
amplitude increased behavioral performance improved (β = .565, p=0.008). Total theta
power also significantly predicted behavioral performance such that as total theta power
decreased behavioral performance improved (β = -0.451, p=0.015).

Left Occipital Electrode Site
A standard multiple linear regression was conducted to determine the influence of
P1 and N170 amplitudes and Total Theta power during the 500 ms delay condition on
behavioral performance and there were no significant findings.
A standard multiple linear regression was conducted to determine the influence of
P1 and N170 amplitudes and Total Theta power during the 1000 ms delay condition on
behavioral performance (see Table 12). There were no significant effects for P1, N170
and Total Theta power during the 1000 ms delay condition in response to Happy Open,
Happy Closed, Neutral, Sad, and Anger. Overall, in response to Fear, the regression
model accounted for a significant proportion of the variance in behavioral performance
(R2 adj = 0.447, F(3,22) = 5.918, p = 0.004). P1 amplitude significantly predicted
behavioral performance such that as P1 amplitude increased, behavioral performance
improved (β = 0.386, p=.035). N170 also significantly predicted behavioral performance
such that as N170 amplitude decreased, behavioral performance improved (β = 0.589, p=
0.01).

50

Table 12. Regression of P1 and N170 Event-Related Potential Amplitudes and Total Theta
Power throughout Delay Conditions Predict Correct Identification of Emotions at the O1
Electrode Site.
Emotion
1000 Delay
Condition

2000 Delay
Condition

Variable

Fear

F

Β

5.918

p
.004

P1

.386

.035

N170

.589

.01

Sad

4.99
Total Theta

Anger

.008
-.517

5.934
P1

.004
.004

.563

.002

A standard multiple linear regression was conducted to determine the influence of
P1 and N170 amplitudes and Total Theta power during the 2000 ms delay condition on
behavioral performance (see Table 12). There were no significant effects for P1, N170
and Total Theta power during the 2000 ms delay condition in response to Happy Closed,
Neutral, Sad, and Fear. Overall, in response to faces expressing Happy Open, the
regression model accounted for a significant proportion of the variance in behavioral
performance (R2adj = 0.384, F(3,24) = 4.990, p =0.008). Total theta power significantly
predicted behavioral performance such that as theta decreased, behavioral performance
improved (β = -0.517, p= 0.004). Overall, in response to Anger, the regression model
accounted for a significant proportion of the variance in behavioral performance (R2adj =
.363, F(3,23) = 5.934, p = 0.004). P1 amplitude significantly predicted behavioral
performance such that as P1 amplitude increased behavioral performance improved (β =
0.563, p=0.002).
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Right Occipital Electrode Site
A standard multiple linear regression was conducted to determine the influence of
P1 and N170 amplitudes and Total Theta power during the 500 ms delay condition on
behavioral performance and there were no significant findings.
A standard multiple linear regression was conducted to determine the influence of
P1 and N170 amplitudes and Total Theta power during the 1000 ms delay condition on
behavioral performance (see Table 13). There were no significant effects for P1, N170
and Total Theta power during the 1000 ms delay condition in response to Happy Open,
Happy Closed, Neutral, Sad, and Anger. Overall, in response to Fear, the regression
model accounted for a significant proportion of the variance in behavioral performance
(R2 adj = 0.274, F(3,23) = 4.264, p = 0.016). N170 amplitude significantly predicted
behavioral performance such that as N170 amplitude increased, behavioral performance
improved (β = 0.587, p= 0.009).

Table 13. Regression of P1 and N170 Event Related-Potential Amplitudes and Total Theta
Power throughout Delay Conditions Predict Correct Identification of Emotions at the O2
Electrode Site.
Emotion
1000 Delay
Condition

Variable

Fear

F
4.264

N170
2000 Delay
Condition

Β

Fear

.016
.587

3.12
P1
6.55
P1

.028
.002

.39

52

.009
.046

.508

Anger

P

.034

A standard multiple linear regression was conducted to determine the influence of
P1 and N170 amplitudes and Total Theta power during the 2000 ms delay condition on
behavioral performance (see Table 13). There were no significant effects for P1, N170
and Total Theta power during the 2000 ms delay condition in response to Happy Open,
Happy Closed, Neutral, and Sad. Overall, in response to Fear, the regression model
accounted for a significant proportion of the variance in behavioral performance (R2adj =
0.197, F(3,23) = 3.120, p =0.046). P1 amplitude significantly predicted behavioral
performance such that as P1 amplitude increased, behavioral performance improved (β =
0.508, p= 0.028 ). Overall, in response to Anger, the regression model accounted for a
significant proportion of the variance in behavioral performance (R2adj = .381, F(3,24) =
6.550, p = 0.002). P1 amplitude significantly predicted behavioral performance such that
as P1 amplitude increased behavioral performance improved (β = 0.390, p= 0.034).
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CHAPTER FIVE
DISCUSSION
The goal of the current study was to explore the mechanisms of facial emotion
memory and clarify whether type of emotion, length of delay interval, or robustness of
encoding the initial stimulus were associated with accurate facial emotion recognition
and memory. Results confirmed that negative emotions and robust encoding of stimuli
are strong influencers of effective emotion processing. Both P1 (at occipital sites) and
N170 amplitudes (at parietal sites), differed by emotional expression. Larger P1
amplitudes at occipital electrode sites were the best predictors of correct matching of
negative emotions such as Fear and Anger while correct matching of positive emotions
(Happy Open and Happy Closed) were more consistently associated with P1 amplitudes
at parietal sites. Correct matching of faces expressing Fear was predicted by ERPs and
Theta Power more than any other emotion. Furthermore, P1 and N170 amplitudes and
Total theta power all predicted behavioral performance to Fear stimuli in different ways
during the three delay conditions. Theta Power analyses indicated that increased
synchronization of activity in the theta frequency band following presentation of visual
stimuli of facial emotions is associated with encoding the stimuli, but not necessarily
maintaining them in working memory. Theta Power was greater during the shorter delay
condition (500 ms) than in longer conditions (1000 and 2000 ms) and in the Early portion
of the delay conditions, but smallest in the Middle portion of the delay conditions. Theta
Power did not differ by emotional expression and results of Theta Power as a predictor of
behavioral performance are inconclusive. Overall, results indicate the importance of the
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robust encoding of a visual stimulus and early maintenance of emotional expressions for
emotion memory.
This finding is consistent with previous literature in that larger P1 amplitudes are
common to occipital sites and larger N170 amplitudes are common to parietal sites near
the fusiform gyrus (Allison et al., 1994; Bentin, Allison, Puce, Perez, & McCarthy, 1996;
Clark, Fan, & Hillyard, 1994; Di Russo, Martínez, Sereno, Pitzalis, & Hillyard, 2002;
Eimer & McCarthy, 1999; Herrmann, Ehlis, Ellgring, & Fallgatter, 2005). In addition,
increased P1 and N170 amplitudes have been found to be associated with improved
behavioral performance on visual recognition and attention tasks (Caharel, Courtay,
Bernard, Lalonde, & Rebaï, 2005; Heinze et al., 1994; Mangun, 1995; Rossion et al.,
1999). The finding that P1 amplitudes are greater for positive emotions at the occipital
sites suggests that the low-level features of happy facial expressions are particularly
salient and prompt basic visual stimuli processing. In comparison, negative emotions
were associated with larger N170 amplitudes at parietal sites which suggests that the
static features of the face are prominent in these emotional expressions and direct visual
attention to process the visual presentation of the face. Visual information is processed
through a “stream” of neural activity that begins in the visual or occipital cortex with
more basic sensory processing and continues toward the front of the brain with increasing
complexity of processing (Halgren, Baudena, Heit, Clarke, & Marinkovic, 1994; Haxby
et al., 1994; Linkenkaer-Hansen et al., 1998; Mangun, 1995). Following this stream, the
P1 component is earlier and represents sensory processing in occipital regions and the
N170 component is later and represents more complex processing in the more anterior
fusiform gyrus. Our findings suggest that negative emotions, processed later in the
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“stream”, may require more complex processing or increased processing resources than
positive emotions.
In partial support of Hypothesis 1 (Aim 1), our results indicated that both N170
and P1 amplitudes differ by emotion at the P7, P8, and O1 electrode sites. As expected,
N170 amplitudes were greater in response to visual stimuli of negative emotions (Fear
and Anger) compared to stimuli of positive and neutral emotions (Happy Open, Happy
Closed, and Neutral). At the P8 electrode site, where most studies report emotionmodulated N170 effects (Brenner et al., 2014; Streit et al., 1999, 2001; Hermmann 2005),
N170 amplitude in response to Anger was also significantly greater than N170 amplitude
in response to Sad. These results are consistent with the theory that some expressions of
negative emotion (Fear, Anger) inspire faster and more protective behavioral responses
than positive emotions (Happy and Very Happy) for evolutionary advantages (Fox et al.,
2000; Hansen & Hansen, 1988).
Inconsistent with our hypotheses, P1 amplitudes in occipital regions (O1 electrode
site) were significantly greater in response to positive emotions than to neutral and
negative emotions. Increased P1 amplitudes have been associated with selective and
transient attention (Clark & Hillyard, 1996; Eimer, Holmes, & McGlone, 2003), encoding
of low-level features of the visual stimulus and are especially large in response to faces
compared to other visual stimuli. This could suggest that the low-level features of faces
prompt increased attention to visual presentations of faces (Halgren, 2000; Herrmann,
Ehlis, Ellgring, & Fallgatter, 2005; Rossion & Caharel, 2011). The finding of greater P1
amplitudes in occipital regions in response to positive emotions than negative emotions
may represent more resources attending to positive emotions in early visual processing,
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that the low-level features of positive emotions are more salient than those of negative
emotions, or it could be that both of these phenomena explain increased P1 in occipital
sites. Future research that provides systematic study of the psychophysical properties of
facial stimuli from negative and positive emotion categories would help to further clarify
the interpretation of the current results.
Contrary to Hypothesis 2 (Aim 2), there were no differences in the magnitude of
theta power for emotional expressions. This finding is inconsistent with findings from
Brenner et. al. (2014) which found that larger theta power was associated with negative
emotion expressions compared to positive and neutral emotions. There are two likely
explanations for these disparate findings. First, it is possible that, contrary to Brenner et
al. (2014), negative emotions do not pull more neural resources than positive ones in
order to complete this memory task. Second, it is likely that previous results averaged
both the impact of the emotion with that of arousal. Brenner et al. (2014) combined theta
power from fearful, angry, and sad faces to create the response to negative facial
emotions, and combined the two types of happy expressions to create the response to
positive facial emotions. This had the result of combining varying levels of arousal
associated with each emotion into one broad valence variable. The current study
examined responses to each emotional expression separately. Since anger and fear are
associated with higher levels of arousal than sadness (Balconi & Pozzoli, 2009) it is
possible that the combination of valence and arousal across multiple emotions is needed
to affect theta power during the delay. Therefore, the differences in findings from the two
related studies suggests a complex combination of arousal and valence. This explanation
of the apparently conflicting results is consistent with Almeida et al. (2016). Almeida and
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colleagues found that regardless of emotional category, N170 amplitudes were found to
be significantly influenced by perceived arousal. In fact, they propose that differences in
ERP amplitudes by emotions are a result of increases in power (alpha, β, and theta) that
follow from the perceived emotional arousal of the stimuli. Additionally, emotional
valence has been found to affect memory performance such that emotional stimuli that
are more arousing are associated with improved memory as compared to less arousing
emotional stimuli (Cahill, 1995; Lang 2009). Future studies might consider comparing
neutral expressions to the group of positive emotions and the group of negative emotions
to provide further clarification of the relationship between theta power and emotion
memory.
Theta Power did not distinguish emotions nor did it consistently predict correct
matching of emotional expressions between stimulus 1 and 2, as expected. Rather, ERPs
and Theta Power predicted behavioral performance most consistently for faces expressing
Fear such that larger P1 amplitudes at occipital sites, and not N170 amplitudes at parietal
sites as hypothesized, predicted correct matching of facial expressions. This finding is
consistent with many studies that identify earlier ERPs to fearful expressions than other
emotions and before the encoding of faces as indicated by the N170 peak (Adolphs et al.,
2001; Batty & Taylor, 2003; Pourtois, Dan, Grandjean, Sander, & Vuilleumier, 2005; van
Heijnsbergen, Meeren, Grèzes, & de Gelder, 2007). Vuilleumier (2005) considers a twostage hypothesis of emotion processing where emotional significance is initially
appraised within the amygdala before further processing. He proposes that some
emotional stimuli, such as fearful expressions, “require less sensory evidence and
proceed quicker than the more elaborate and prolonged cortical processing associated
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with conscious awareness”. In further support of this hypothesis, Fear has been shown to
be associated with early spatial attention (Armony, 2002; Vuilleumier & Schwartz, 2001)
and increased arousal (Brosch, Sander, Pourtois, & Scherer, 2008; Sabatinelli, Bradley,
Fitzsimmons, & Lang, 2005), both of which are also associated with better performance
on emotion memory tasks (Cahill & McGaugh, 1995; Compton, 2003; Deiber et al.,
2007; Lang, Dhillon, & Dong, 1995; Machinskaya, Rozovskaya, Kurgansky, &
Pechenkova, 2016; Missonnier et al., 2006).
As hypothesized for our second aim, there were significant differences in the
magnitude of theta power for the varying time delays. Generally, at P8, O1, and O2 theta
power was greatest in the 500 ms delay condition and also significantly greater during the
1000 ms delay compared to the 2000 ms delay. This pattern was consistent with
Hypothesis 1 (Aim 2). Overall at the P7 electrode site, findings were similar, but there
were also differences in theta power magnitude by emotion. This finding suggests that
theta power declines linearly throughout the length of time required to maintain emotions
in memory, as opposed to a persistent theta power magnitude throughout the delay. It is
consistent with Brenner et al. (2014) which found that theta power was greater during
earlier epochs (500-1000 ms) post-stimulus onset than later epochs (1000-2000 ms). This
is also consistent with the theory of theta power synchronization as discussed in
Klimesch et al. (1999), which proposes that event-related increases in theta
synchronization are associated with the encoding of new information and is linked with
long-term potentiation. Specifically in terms of theta desynchronization, the same review
proposes that theta activity, following the encoding of new information desynchronizes
over time. The results of a later study by Klimesch et al. in 2006 found that
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desynchronization of theta activity during delay intervals was associated with episodic
trace decay or difficulty maintaining memory during delay periods. The longer the delay,
the more theta activity becomes desynchronized.
Similarly, Theta Power was greatest in the Early portion of the delay conditions.
This phenomenon was also captured in a study by Raghavarchi et. al. 2001 that they
described as the “cognitive ‘gating’ of a brain oscillation” during a working memory task.
In their study, the amplitude of theta oscillations increased at the start of the trial,
continued throughout the trial and delay period, and decreased sharply at the end. This
gating phenomenon of theta power during working memory suggests that theta
oscillations are important in organizing multi-item working memory (Raghavarchi et al.,
2001; Sauseng, Griesmayr, Freunberger, & Klimesch, 2010; Tesche & Karhu, 2000). In
the present study memory load was not measured and the tasks did not have explicit
memory load differences. Theta Power as measured by the current study declines over
time as hypothesized and as demonstrated in previous studies, yet there was no
significant relationship between this decline and emotion memory performance as
predicted. Thus, if Theta Power is a measurement of how well an emotional stimulus is
maintained in memory, emotion memory does not depend on emotion memory
maintenance. If theta power instead represents organization of multiple items in memory,
this organizational property is not necessary for correct emotion memory performance.
The increase in early theta activity following presentation of a visual emotional stimulus
overlaps with the P1 and N170 event-related potentials and is associated with the initial
encoding of the stimulus. These measurements of the robustness of encoding of the
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stimulus appear to be more significantly related to memory performance in this task than
maintenance of theta power throughout the delay.
At the P8, O1, and O2 electrode sites, theta power was greater during the Late
latency than during the Middle latency of the 1000 ms and 2000 ms delay intervals. This
indicates that at these sites theta magnitude was greatest immediately following the
presentation of the first visual stimulus, declined during the middle of the delay interval,
and increased again prior to the presentation of the second stimulus. This finding might
be comparable to evidence of an anticipatory response that has been widely studied in
alpha band oscillations (Haegens, Luther, & Jensen, 2012; Rohenkohl & Nobre, 2011;
Worden, Foxe, Wang, & Simpson, n.d.). To our knowledge, there are no studies that
replicate the findings of anticipatory theta activity. Further research is needed to test this
hypothesis and further explain the increased theta oscillations during the Late latencies of
the delay conditions.
As previously noted, there are several suggested changes to study design that
would further clarify the current results. In order to explain the lack of a relationship
between the various emotions and behavioral performance, it would serve to combine
emotions into the categories of negative, positive, and neutral with the current dataset to
replicate Brenner et. al. 2014. Additionally, future studies might benefit from measuring
perceived or self-reported arousal of the varying emotions which may have a
confounding effect on the current data. Analyzing arousal as a predictor of behavioral
performance and further exploration of the relationship between arousal and emotion
memory will benefit future research. The small size of the sample in this study made it
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difficult to analyze the highly complex relationships between variables, future studies
would benefit from larger sample sizes.
The current study confirms that robust encoding of a visual presentation of an
emotional expression is required for correct identification of emotion. It is especially
important that low-level features of faces, such as those represented by large P1
amplitudes in occipital regions, are effectivity processed for in emotion memory tasks.
Since Theta Power did not significantly predict behavioral performance for emotion
memory in this study and may not represent maintenance of emotions in memory, further
research is needed to determine the neurological processes associated with memory
maintenance. Fearful faces are perceived and encoded better than other emotions and
strong encoding of faces improves emotion memory performance. Poor encoding of
facial emotion expressions is associated with poor emotion memory performance
suggesting that improved emotion memory may require more intentional sustained
attention during the initial encoding of the stimulus. The current study sought to provide
further explanation of the mechanisms of facial emotion memory and to determine
whether type of emotion, length of delay interval, or robustness of encoding the initial
stimulus were associated with performance. Early and robust encoding of emotional
expressions represented by P1 and N170 amplitudes predicts accurate facial emotion
recognition and memory more so than theta power during the delay (or the maintenance
of the emotion in memory). Emotion expressions influenced encoding of the stimulus in
different ways with fearful expressions eliciting robust encoding. For this task, the length
of the delay interval did not seem to influence emotion memory. The influence of
encoding of emotional stimuli on correct identification of emotions in this task indicates
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that robust initial perception of emotional expressions is necessary for accurate emotion
memory.
The goal of the current study was to explore the mechanisms of facial emotion
memory and clarify whether type of emotion, length of delay interval, or robustness of
encoding the initial stimulus were associated with accurate facial emotion recognition
and memory. Results confirmed that negative emotions and robust encoding of stimuli
are strong influencers of effective emotion processing. Both P1 (at occipital sites) and
N170 amplitudes (at parietal sites), differed by emotional expression. Larger P1
amplitudes at occipital electrode sites were the best predictors of correct matching of
negative emotions such as Fear and Anger while correct matching of positive emotions
(Happy Open and Happy Closed) were more consistently associated with P1 amplitudes
at parietal sites. Correct matching of faces expressing Fear was predicted by ERPs and
Theta Power more than any other emotion. Furthermore, P1 and N170 amplitudes and
Total theta power all predicted behavioral performance to Fear stimuli in different ways
during the three delay conditions. Theta Power analyses indicated that increased
synchronization of activity in the theta frequency band following presentation of visual
stimuli of facial emotions is associated with encoding the stimuli, but not necessarily
maintaining them in working memory. Theta Power was greater during the shorter delay
condition (500 ms) than in longer conditions (1000 and 2000 ms) and in the Early portion
of the delay conditions, but smallest in the Middle portion of the delay conditions. Theta
Power did not differ by emotional expression and results of Theta Power as a predictor of
behavioral performance are inconclusive. Overall, results indicate the importance of the
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robust encoding of a visual stimulus and early maintenance of emotional expressions for
emotion memory.
This finding is consistent with previous literature in that larger P1 amplitudes are
common to occipital sites and larger N170 amplitudes are common to parietal sites near
the fusiform gyrus and increased P1 and N170 amplitudes have been found to be
associated with improved behavioral performance (refs). The finding that P1 amplitudes
are greater for positive emotions at the occipital sites suggests that the low-level features
of happy facial expressions are particularly salient and prompt basic visual stimuli
processing. In comparison, negative emotions were associated with larger N170
amplitudes at parietal sites which suggests that the static features of the face are
prominent in these emotional expressions and direct visual attention to process the visual
presentation of the face.
In partial support of Hypothesis 1 (Aim 1), our results indicated that both N170
and P1 amplitudes differ by emotion at the P7, P8, and O1 electrode sites. As expected,
N170 amplitudes were greater in response to visual stimuli of negative emotions (Fear
and Anger) compared to stimuli of positive and neutral emotions (Happy Open, Happy
Closed, and Neutral). At the P8 electrode site, where most studies report emotionmodulated N170 effects (Brenner et al., 2014; Streit et al., 1999, 2001; Hermmann 2005),
N170 amplitude in response to Anger was also significantly greater than N170 amplitude
in response to Sad. These results are consistent with the theory that some expressions of
negative emotion (Fear, Anger) inspire faster and more protective behavioral responses
than positive emotions (Happy and Very Happy) for evolutionary advantages (Fox et al.,
2000; Hansen & Hansen, 1988).
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Inconsistent with our hypotheses, P1 amplitudes in occipital regions (O1 electrode
site) were significantly greater in response to positive emotions than to neutral and
negative emotions. Increased P1 amplitudes have been associated with selective and
transient attention (Clark & Hillyard, 1996; Eimer, Holmes, & McGlone, 2003), encoding
of low-level features of the visual stimulus and are especially large in response to faces
compared to other visual stimuli. This could suggest that the low-level features of faces
prompt increased attention to visual presentations of faces (Halgren, 2000; Herrmann,
Ehlis, Ellgring, & Fallgatter, 2005; Rossion & Caharel, 2011). The finding of greater P1
amplitudes in occipital regions in response to positive emotions than negative emotions
may represent more resources attending to positive emotions in early visual processing,
that the low-level features of positive emotions are more salient than those of negative
emotions, or it could be that both of these phenomena explain increased P1 in occipital
sites. Future research that provides systematic study of the psychophysical properties of
facial stimuli from negative and positive emotion categories would help to further clarify
the interpretation of the current results.
Contrary to Hypothesis 2 (Aim 2), there were no differences in the magnitude of
theta power for emotional expressions. This finding is inconsistent with findings from
Brenner et. al. (2014) which found that larger theta power was associated with negative
emotion expressions compared to positive and neutral emotions. There are two likely
explanations for these disparate findings. First, it is possible that, contrary to Brenner et
al. (2014), negative emotions do not pull more neural resources than positive ones in
order to complete this memory task. Second, it is likely that previous results averaged
both the impact of the emotion with that of arousal. Brenner et al. (2014) combined theta
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power from fearful, angry, and sad faces to create the response to negative facial
emotions, and combined the two types of happy expressions to create the response to
positive facial emotions. This had the result of combining varying levels of arousal
associated with each emotion into one broad valence variable. The current study
examined responses to each emotional expression separately. Since anger and fear are
associated with higher levels of arousal than sadness (Balconi & Pozzoli, 2009) it is
possible that the combination of valence and arousal across multiple emotions is needed
to affect theta power during the delay. Therefore, the differences in findings from the two
related studies suggests a complex combination of arousal and valence. This explanation
of the apparently conflicting results is consistent with Almeida et al. (2016). Almeida and
colleagues found that regardless of emotional category, N170 amplitudes were found to
be significantly influenced by perceived arousal. In fact, they propose that differences in
ERP amplitudes by emotions are a result of increases in power (alpha, β, and theta) that
follow from the perceived emotional arousal of the stimuli. Additionally, emotional
valence has been found to affect memory performance such that emotional stimuli that
are more arousing are associated with improved memory as compared to less arousing
emotional stimuli (Cahill, 1995; Lang 2009). Future studies might consider comparing
neutral expressions to the group of positive emotions and the group of negative emotions
to provide further clarification of the relationship between theta power and emotion
memory.
Theta Power did not distinguish emotions nor did it consistently predict correct
matching of emotional expressions between stimulus 1 and 2, as expected. Rather, ERPs
and Theta Power predicted behavioral performance most consistently for faces expressing
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Fear such that larger P1 amplitudes at occipital sites, and not N170 amplitudes at parietal
sites as hypothesized, predicted correct matching of facial expressions. This finding is
consistent with many studies that identify earlier ERPs to fearful expressions than other
emotions and before the encoding of faces as indicated by the N170 peak (Adolphs et al.,
2001; Batty & Taylor, 2003; Pourtois, Dan, Grandjean, Sander, & Vuilleumier, 2005; van
Heijnsbergen, Meeren, Grèzes, & de Gelder, 2007). Vuilleumier (2005) considers a twostage hypothesis of emotion processing where emotional significance is initially
appraised within the amygdala before further processing. He proposes that some
emotional stimuli, such as fearful expressions, “require less sensory evidence and
proceed quicker than the more elaborate and prolonged cortical processing associated
with conscious awareness”. In further support of this hypothesis, Fear has been shown to
be associated with early spatial attention (Armony, 2002; Vuilleumier & Schwartz, 2001)
and increased arousal (Brosch, Sander, Pourtois, & Scherer, 2008; Sabatinelli, Bradley,
Fitzsimmons, & Lang, 2005), both of which are also associated with better performance
on emotion memory tasks (Cahill & McGaugh, 1995; Compton, 2003; Deiber et al.,
2007; Lang, Dhillon, & Dong, 1995; Machinskaya, Rozovskaya, Kurgansky, &
Pechenkova, 2016; Missonnier et al., 2006).
As hypothesized for our second aim, there were significant differences in the
magnitude of theta power for the varying time delays. Generally, at P8, O1, and O2 theta
power was greatest in the 500 ms delay condition and also significantly greater during the
1000 ms delay compared to the 2000 ms delay. This pattern was consistent with
Hypothesis 1 (Aim 2). Overall at the P7 electrode site, findings were similar, but there
were also differences in theta power magnitude by emotion. This finding suggests that
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theta power declines linearly throughout the length of time required to maintain emotions
in memory, as opposed to a persistent theta power magnitude throughout the delay. It is
consistent with Brenner et al. (2014) which found that theta power was greater during
earlier epochs (500-1000 ms) post-stimulus onset than later epochs (1000-2000 ms). This
is also consistent with the theory of theta power synchronization as discussed in
Klimesch et al. (1999), which proposes that event-related increases in theta
synchronization are associated with the encoding of new information and is linked with
long-term potentiation. Specifically in terms of theta desynchronization, the same review
proposes that theta activity, following the encoding of new information desynchronizes
over time. The results of a later study by Klimesch et al. in 2006 found that
desynchronization of theta activity during delay intervals was associated with episodic
trace decay or difficulty maintaining memory during delay periods. The longer the delay,
the more theta activity becomes desynchronized.
Similarly, Theta Power was greatest in the Early portion of the delay conditions.
This phenomenon was also captured in a study by Raghavarchi et. al. 2001 that they
described as the “cognitive ‘gating’ of a brain oscillation” during a working memory task.
In their study, the amplitude of theta oscillations increased at the start of the trial,
continued throughout the trial and delay period, and decreased sharply at the end. This
gating phenomenon of theta power during working memory suggests that theta
oscillations are important in organizing multi-item working memory (Raghavarchi et al.,
2001; Sauseng, Griesmayr, Freunberger, & Klimesch, 2010; Tesche & Karhu, 2000). In
the present study memory load was not measured and the tasks did not have explicit
memory load differences. Theta Power as measured by the current study declines over
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time as hypothesized and as demonstrated in previous studies, yet there was no
significant relationship between this decline and emotion memory performance as
predicted. Thus, if Theta Power is a measurement of how well an emotional stimulus is
maintained in memory, emotion memory does not depend on emotion memory
maintenance. If theta power instead represents organization of multiple items in memory,
this organizational property is not necessary for correct emotion memory performance.
The increase in early theta activity following presentation of a visual emotional stimulus
overlaps with the P1 and N170 event-related potentials and is associated with the initial
encoding of the stimulus. These measurements of the robustness of encoding of the
stimulus appear to be more significantly related to memory performance in this task than
maintenance of theta power throughout the delay.
At the P8, O1, and O2 electrode sites, theta power was greater during the Late
latency than during the Middle latency of the 1000 ms and 2000 ms delay intervals
indicating that theta magnitude was greatest immediately following the presentation of
the first visual stimulus and then declined, but eventually increased again prior to the
presentation of the second stimulus. This finding might be evidence of an anticipatory
response that has been widely studied in alpha band oscillations, but has not been
observed in the theta band until now. Interestingly, this phenomenon was not observed
during the 500 ms delay interval possibly because….
As previously noted, there are several suggested changes to study design that
would further clarify the current results. In order to explain the lack of a relationship
between the various emotions and behavioral performance, it would serve to combine
emotions into the categories of negative, positive, and neutral with the current dataset to
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replicate Brenner et. al. 2014. Additionally, future studies might benefit from measuring
perceived or self-reported arousal of the varying emotions which may have a
confounding effect on the current data. Analyzing arousal as a predictor of behavioral
performance and further exploration of the relationship between arousal and emotion
memory will benefit future research. The small size of the sample in this study made it
difficult to analyze the highly complex relationships between variables, future studies
would benefit from larger sample sizes.
The current study confirms that robust encoding of a visual presentation of an
emotional expression is required for correct identification of emotion. It is especially
important that low-level features of faces, such as those represented by large P1
amplitudes in occipital regions, are effectivity processed for in emotion memory tasks.
Since Theta Power did not significantly predict behavioral performance for emotion
memory in this study and may not represent maintenance of emotions in memory, further
research is needed to determine the neurological processes associated with memory
maintenance. Fearful faces are perceived and encoded better than other emotions and
strong encoding of faces improves emotion memory performance. Poor encoding of
facial emotion expressions is associated with poor emotion memory performance
suggesting that improved emotion memory may require more intentional sustained
attention during the initial encoding of the stimulus. The current study sought to provide
further explanation of the mechanisms of facial emotion memory and to determine
whether type of emotion, length of delay interval, or robustness of encoding the initial
stimulus were associated with performance. Early and robust encoding of emotional
expressions represented by P1 and N170 amplitudes predicts accurate facial emotion
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recognition and memory more so than theta power during the delay (or the maintenance
of the emotion in memory). Emotion expressions influenced encoding of the stimulus in
different ways with fearful expressions eliciting robust encoding. For this task, the length
of the delay interval did not seem to influence emotion memory. The influence of
encoding of emotional stimuli on correct identification of emotions in this task indicates
that robust initial perception of emotional expressions is necessary for accurate emotion
memory.
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